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(54) Meit-flowable materials and method of sealing surfaces 


(57) The invention provides a method for imparting 
topographical or protective features to a substrate by 
contacting a sheet material comprising a thermoplastic 
layer with a substrate and heating the sheet material to 


an elevated temperature. The invention also provides a 
sheet material which comprises at least one layer con- 
sisting essentially of one or more thermoplastic, melt- 
f lowable polymers that are semi-crystalline at room tem- 
perature. 


o> 

CO 
CM 


UJ 

Printed by Joovc, 76001 PARIS (FR) 


BNSOCOD: <EP 1 123967 A 1J_> 


75 


20 


25 


BP 1 123 957 A1 

Description 

FIELD OF THE INVENTION 

5 r9teteS t0 3 meth ° d ° f USinS a serial to provide protective and 

BACKGROUND OF THE INVENTION 

EUShi NUm !n S ^ plications exist in indust »y where It is desirable and necessary in some cases to provide protec- 
? tUreS t0 3 SUrfaCe ' SUCh plication. inc,ude use * a paintable sealer for automobile bodies. 
Hetoncally, a variety of materials have been used as sealers to fill voids in structures and exclude din, moisture and 
other materials. 1 

[0003] Sealers have been supplied as liquids or solids depending upon the demands of the application. In the auto- 

m ^n™^ PaSte "' ike pla8US0l& hSVe been used for decades t0 seal m6ta ' sca ™. ^ described in U. S. Patent 
whpn'hfiatoH (Oerece et al.). These materials function by having PVO (polyvinyl chloride) particles swell in a plasticizer 
when heated and fuse intoa solid material. Typically, paint adheres poorly to PVC based sealers due to the high levels 
of plastlcteer. In addition, PVC sealers cannot be recycled, and when burned, give off HCI. For this reason they arc not 
used in Europe. 

[0004] Hot melt sealants and adhesives arc generally solid thermoplastic materials which quickly melt with heating 
and then form a firm bond on cooling. A typical class of hot melt adhesive compositions utilizes polyotcflns which arc 
known ,n the art to be difficult to paint and which have poor adhesion to non-porous metallic surfaces, such aL steS 
ana aluminum. 

[0005] In use, a bead of the liquid sealer is applied on the joint scam, in the way caulking is applied, and the worker 
must brush or level the material out into a relatively uniform film. The application of a liquid sealer takes skill and often 
^ a pooriy scaled scam. Liquid sealers cannot be used for visible applications due to non-uniform appearance. 

.k u * l efe ^ en 3 trend towards more user " friend| y sealer systems such as ropes or tapes because 

the handling properties of these materials make for fast installation and eliminate the need to finesse the material after 

30 k PeS * n ? L OPSS ° f PVC - based sealam serial have begun to find niche applications. Other materials 

* have also been supplied as a strip or tape. 

EH? U ' f' No - 3 ' 659 ' 896 (Smith et a,) describes asemwured, curable polymeric scaling strip composition 
based on a liquid polysulf.de polymer, for adhering and scaling a windshield to an automobile body. The sealing strip 

™ f r'° n ? ? thS ■ 9, , aSS and meta> SUCh thatthe winds h'ald is immediately sealed at room temperature; further 
cure of the sealant matenal occurs on exposure to moisture at ambient conditions 
as [0008] U. S. Patent No. 4.490,424 (Gerace) describes a hot-mell adhesive and sealant tape in which the tape com- 
pnses a core of hot-melt adhesive encased in a sheath of plastic resin. The plastic resin is compatible with the hot- 
melt adhesive core in both liquid and solid states. H OTe nox 
[0009] A need exists in industry for a user-friendly, paintable, meftable sealant material that can be used for visible 
and non-visible applications and handled as a strip or tape. 

SoI^k/^T 8 ^ 16 Pr8 f SUr9 " SensitiVe adhesiv as arc known and have utility in a number of Industries including 
assembly of automobiles and appliances. Such adhesives arc described in U.S. Patent No. 5.086,088 (Kftano et al ) 
These adhesives arc pressure-sensitive, i.e., tacky at the temperature of bonding, and are typically used in the form 
of a pressure-sensitive adhesive transfertape in which the layer of adhesive is provided on a release finer Thetransfer 
tape can further include a nonwoven web for reinforcement of the adhesive layer. In use, the transfer tape bonds one 

th,, ^hiL an ? L SUrfaCe at ambi6nt tem P erature - surfac «s arc then heated to a temperature sufficient to cure 
the adhesive to a thermoset state. 

[0011] In some applications it would be desirable to have a thermosettable pressure-sensitive adhesive tape that 
has a non-tacky surface that can be activated to an adhesive state at the temperature of use 

!ih^i k 0 I S k lJ K h . aPP "j: at ^ n h SOme automotive assembly lines where the doors are temporarily attached to the 
5? k-^ y r 9 th A h ' ngeS ° n 10 me body prior to P aintin 9- TTle do ° r is positioned on the vehicle by aligning 
the door hinges on slotted holes m the car body, and then fastening the hinges to the body with one or more washera 

fntf^?? k , „ T r *" V6hiote b0dy hae been P"" 1 ** *• doore are rem <> ved hinges so that 

interior parts can be Installed. It would be desirable to have the washers fixed in place on the hinges so that when the 
doors arc re-attached, they will be precisely aligned without having to take time to re-allgn them 
thfl!! 1 i 8 " 3 "!,! 6 Pate /! t Publication < Kokai > No - 1 54 " 6741 7 describes a washer fixed to a door hinge with a tacky 
Sr^T 9 , ♦ L" 1 - W88her S6rVeS 88 a " a, '» nrnent m °™ b ° r *or a bolt that is used to join the hinge to a 
xt ♦ °^ ^ SKjeS and 18 Prone t0 contaminatlon fr <™ fust, oil. etc.. which can be found in assembly 
plants. The contaminated surface, in turn, must be cleaned to ensure an adequate bond. The film also tends to be very 
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thin so that it can be difficult to handle, and removing the liners so that the film can be bonded to the washers and the 
bolted surfaces can be a labor intensive operation which prohibits automation of the assembly line. 
[001 4] It is known to saturate a nonwoven fabric as a support with a thermosettable adhesive to increase the rigidity 
of the adhesive so that it can be handled more easily, but this would add cost and does not get around the other 

5 deficiencies of the above-described adhesive film. 

[0015] Japanese Patent Publication (Kokai) No. 53-42280 describes a composite sheet having a sheet of thermo- 
setting material that Is coated with a heat fusing material. The heat fusing material is intended to coat the thermosetting 
resin sheet so that workers can avoid direct skin contact with the thermosetting adhesive. The thermosetting material 
and the heat fusing material arc mutually non-reactive and compatible, and characterized by a maximum difference in 

10 fusing temperatures of 50°C. The heat fusing material melts and mixes with the thermosetting material before it is 
hardened. 

[001 6] Japanese La id-Ope n Patent Application JP H4-1 89885 describes a thermosettable pressure-sensitive adhe- 
sive made from acrylate copolymers and epoxy resin. The adhesive composition can be coated onto one or both sides 
of a nonwoven material, which acts as a pre-preg to increase the strength of the adhesive sheet. 
is [0017] It would be desirable to have a thermosettable pressure-sensitive adhesive tape that is substantially tack- 
free at room temperature (about 21 °C) on at least one major surface, but both major surfaces of the tape can be 
adapted for bonding to other substrates. 

[001 8] U.S. Patent n° 5,032,209 discloses that semi-crystalline polymers can have predetermined amounts of their 
surfaces rendered quasi-amorphous by irradiation. The so-modified polymer surfaces arc said to display enhanced 

zo heat scalability so as to accept bonding to other materials. 

[0019] Japanese Patent Publication n° 53042280 describes a two-layer composite sheet in which the first layer 
includes a hot melt material (e.g., EVA copolymer, alkyl phenol resin, polyacrylic ester, PVC, shellac or gelatine), and 
a second layer, which Is separate and distinct from the first layer, includes a thermosetting resin (e.g., epoxy resin, 
unsaturated polyester resin or silicone resin). 

25 [0020] International Patent Publication n° 94/05338 describes thermoplastic interpenetrating networks useful as, for 
example, sealants or orthopaedic casting materials. 

SUMMARY OF THE INVENTION 

30 [0021] The invention provides an adhesive composite comprising a layer of thermosettable pressure-sensitive ad- 
hesive and a layer of hot melt adhesive that is substantially tack-free at room temperature. Preferably, the hot melt 
adhesive has a heat activation temperature of from about 50°C to the temperature used to cure the thermosettable 
adhesive. 

[0022] The invention also provides an adhesive composite for bonding to a washer which will bond to the washer at 
35 ambient temperature, and for further bonding of the washer to a surface after a heating cycle, and a washer bonded 
with the composite. 

[0023] The invention also provides a method for bonding the composite to washers. 

[0024] The invention further provides a hot melt scaling tape and a method for using the tape. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The invention will now be described in greater detail with reference to the accompanying drawings, in which: 

FIG. 1 a is a cross-sectional view showing a sheet material according to the invention (2) situated in an automobile 
45 roof ditch (1 ) prior to heating. 

FIG. 1b is a cross-sectional view showing the sheet material shown In FIG. 1a after heating. 

FIG. 2 is a cross-sectional view of a two-layer sheet material according to the invention. One layer is denoted (3) 

and the other layer is denoted (4). 

FIG. 3a is a cross-sectional view of another two-layer sheet material according to the invention. One layer is 
so denoted (5) and the other layer is denoted (6). 

FIG. 3b is a cross-sectional view showing the sheet material of FIG. 3a situated in an automobile roof ditch (I) prior 
to heating. 

FIG. 3c is a cross-sectional view showing the sheet material of FIG. 3a situated in an automobile roof ditch (1) 
after heating. 

55 FIG. 4a is a top view of a washer (8) having a sheet material of the invention (7) adhered thereto. 

FIG. 4b is a cross-sectional view along the line 4b of FIG. 4a. The sheet material (7) has two layers (9) and (10). 
FIG. 4c is a sectional view showing the embodiment of FIG. 4a having a bolt (11 ) inserted therein for joining a door 
hinge (12) to a door frame (13). 
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FIGS. 5a and 5b are referred to in Examples 22 and 23. 
DETAILED DESCRIPTION OF THE INVENTION 


priorto hardening. As a result of thecontrolted flow of the edges of the sheet material II »Zl*Z l« matenal <Iows 


toprovidethecontrolledflowof its edges the hardened sheetmS^^l 5 of thesheet matenal in afashion 
[0034] The automobile, with the strip in place, mav then be oafnterf » n H r„.f L 

1 70-C for about 20 minutes. A prctectL dear coaTma^ £ ^^S^Tf JLS^Z* * ^ 
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strip material to become thermoset at, and near, the interface of the strip with the paint, while the strip material remains 
thermoplastic below the interfacia! layer. 

[0036] in another preferred embodiment, the melt-flowable strip itself Is a thermosettable material which reacts with 
the paint during the cure cycle, and also undergoes curing to provide a strip that is thermoset. The curing may be 

5 achieved by thermal or radiation means as is discussed hereinbelow. 

[0037] In an alternative embodiment, the strip may be placed In the roof ditch after the automobile has been painted. 
The roof ditch area can then be heated with conventional heaters, such as an infrared heater or a quartz halogen lamp, 
to melt and bond the strip to the roof ditch without further processing. In this embodiment, the strip may be compounded 
with pigments to provide a contrasting or complementary color. The melt sealing strip material may remain thermo- 

io plastic, become thermoset throughout the thickness of the strip, or become thermoset only at the surface of the strip. 
[0038] The melt-flowable sheet materials are preferably solid, and may or may not be tacky at room temperature. In 
some embodiments, the melt sealing sheet material will also function as a hot melt adhesive. Hot melt adhesive ma- 
terials preferably have a melting point above about 50°C. As used herein, a "hot melt adhesive composition" refers to 
a composition that is solid and non-tacky at room temperature (about 21 °C) but which, upon heating, melts sufficiently 

is to wet out on a surface and adhere to it. Adhesives having melt temperatures below 50°C may melt prematurely in 
storage in hot climates and may not perform well in applications that require a part to be die-cut or punched out on a 
punch -press as described below. 

[0039] The sheet material may be formed Into a sheet using conventional sheet forming techniques, including ex- 
truding the material from a heated die; heating the sheet material to a suitable melt temperature and knife coating onto 

20 a release liner; curtain coating the molten material; or dispersing the material in a solvent, coating onto a release liner, 
and drying the solvent. For environmental reasons, the preferred methods are solvent free systems. 
[0040] The thickness of the melt-flowable sheet material will vary depending upon its intended end use. For sealing 
applications, it is desirable to have the sheet thick enough to provide sufficient material to flow and level out over dents, 
bumps, and other surface imperfections or to fill in gaps between joints. Useful thicknesses have been found to be in 

*5 the rang© of about 0.05 mm (millimeters) to 25 mm. For typical melt scaling applications where a protective seal is 
desired; thicknesses may range from 0.10 to 25 mm, preferably 0.20 to 10 mm, and more preferably 0.34 to 6 mm. 
[0041] The melt-flowable sheet material can be packaged in the form of rolls of sheet material, rolls of tapes, i.e., 
lengths of material in narrow widths, or stacks of sheets cut to a desired dimension or shape for the end use. If the 
compositions of the melt-flowable sheet material are tacky, a release liner may be interleaved between adjacent sheets 

30 or wraps of a roll. In some two layer sheet constructions in which one layer is tacky, the non-tacky layer may serve as 
the liner without requiring a separate liner. If the sheet material includes a latent light activated catalyst in the sheet, 
the sheet is preferably packaged and transported In the absence of actinic radiation, until ready for use. 
[0042] The compositions for the melt-flowable sheet material can also be packaged for use in a hot-melt applicator 
system with the use of pail unloaders, cartridge dispensers, and the like. The compositions can then be heated at the 

35 point of use and applied in the molten state to the substrate. This method may require specialized equipment to apply 
the composition. 

[0043] The melt-flowable materials can be applied and bonded to most substrates including plastics, metals, ceram- 
ics, glass, and cellulosic materials; primed, bare, or painted metal substrates such as aluminum, cold rolled steel, 
galvanized steel, and porcelainized steel are particularly preferred. 

*o [0044] The melt-flowable sheet can Include one or more other layers for various purposes as detailed hereinbelow. 
Such layers include a thermosettable melt scaling layer, a thermosettable pressure-sensitive adhesive layer, a pres- 
sure^sensitive adhesive layer, a second melt-flowable layer, e.g., one having a different glass transition temperature 
than the first melt-flowable layer, a layer capable of cross-linking with the melt-flowable layer at the interface between 
the two layers, an expandable layer, a nonwoven layer, or a polymeric film, e.g., a thermoplastic film that is preferably 

43 dlmensionaliy stable at the temperatures of application and use. Various methods of bonding the additional layers to 
the melt-flowable layer Include techniques known in industry such as heat lamination, bonding with a pressure-sensitive 
adhesive, co-extruding the second layer with the melt-flowable layer, hot melt coating, direct coaling of the second 
layer to the f irst, and the like. 

[0045] The melt-flowable sheet material useful in the practice of the invention comprises thermoplastic polymeric 
50 materials that have functional groups that can react with typical paints used in the industry such as those based on 
metamine or epoxy. 

[0046] Preferred thermoplastic polymers arc functionated amorphous or semi-crystalline polymers having a glass 
transition temperature above -30*C and functionated semi-crystalline polymers having a glass transition temperature 
below -30°C. Useful polymers arc those having functional groups including-OH, -NH, -CONH, -COOH, -NH 2 , -SH, 
S3 anhydrides, urethanes, and oxiranc. Preferred functional groups are -OH, -COOH, and -NH. Examples of useful pol- 
ymers include polyesters, polyamides, furtctlonalized ethylene (meth)acrylates, such as those functional ed with -OH 
groups, ethylene acrylic acids, polysulfides, polyacetals, such as polyvinylbutyral, olefinic polymers having the appro- 
priate functional groups, such as ethylene-(mcth)acrylic acid, propylene-(mcth)acrylic acid, ethylene-(meth)acrylic es- 
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[0048] Crystalllnity in a polymer is also observed as a clouding or opacifying of a sheet that had been heated to an 
amorphous state as it cools. When the polyester polymer is heated to a molten state and kn«e i coated on^ ^ XS£ 
form a sheet, it is amorphous and the sheet is observed to be clear and fairtv tran™* TL^iJ * , 
the sheet materia, cools, crystalline domains form and the c^Z^^S^i^ 0 ^J^ r "! 

SmbTnaSo^ " T ^ * ^i^t^jSK^ 

preferred that material heated to an amorphous state be allowed sufficient time to return to It^mSstalSne s2 
^ 9 ^ Pain ' ' S apP " ed 10 8 Unif0rmly °° nsistenl surface - ^ Clouding oUhTSXidS a 

[0051] Polyester components useful in the invention comprise the reaction product of dicarboyviir anw* r„r m,«i 
diester equivalents) and diols. The diacids (or diester equivalents) can be Z^^f^^^Zl f^l 

between the two carboxyl groups in the diacids contain only carbon and hydrogen and more oreferablv tto SS» 
is a phenylene group. Blends of the foregoing diacids may be used. preferably, the structure 

[0052] The diols include branched, unbranched. and cyclic aliphatic diols havinq from 2 to 1 2 carbon at™™* c„ mn u 

1,S-pentanediol. 2-methyl-2,4-pentanediol. 1 ,6-hexanediol, cyclobutane-1 ,3-di(2--ethanol) cvclohe^anLl 

'SET a r ab,efr0rn HQ,S ,nc - ,nc,ude ^napoSSSia " nearamo 'P hous 

R ilo^ ?Zfr^f tefS te 0881 int ° SheetS by meltin 9 the P°'y este ' res| n * temperatures from about 
1 00 to 150 C to foim a molten material and knife coating onto a liner such as a silicone release coated oaoar T°nl 

- S S^StomT^f^ i r Ude , ,i " erS K aS detai ' ed be '° Wf0r a " W P^-tJ compel ^ ^ 
r^TL/Jl ^ Ore90in9 P 0 ^^ ar » particularly useful forscaling and bonding to surfaces havina 

ITrl h« T w 8UCh ? in the ab ° Ve deSCrlbed roof d,toh moldi "9 °" « automobile. In additl thete po"y 
two typical pa.nt cunng cydes(e.g.. 20-30 minutes at 120-C, and 20-30 minutes at 200-C) It has 2o beenfound tS 

ySShoTm^m^^^T^l 6 8h6et mat6rial are 6P0Xy PO'ycaProlactonecompositions and epoxy pol- 
yester hot melt compositions. Polycaprolactones are biodegradable in soil. Especially preferred are «n» L^tL 
hot mett composes which cure on exposure to radiation to prov.de high SJl^SSi TSSSZSSSi 
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adhesion to the substrate to which it is adhered. The epoxy-containing material contributes to the ultimate strength 
and heat resistance of the composition, while the polyester component allows the sheet material to conform to the 
substrate and provides initial adhesion to the substrate, and the photoinitiator permits the composition to cure (i.e., 
covalentiy cross-link) upon exposure to radiation. Optionally, the hotmelt compositions of the invention may also include 
a hydroxyl-containing material to impart flexibility and toughness to the hot melt compositions. Preferred polyesters for 
the epoxy/polyester sheet material arc those hydroxyl and carboxyl terminated functional materials described above. 
Especially preferred are hydroxyl terminated polyesters having some degree of crystallinity. 

[0057] Epoxy-containing materials useful in the compositions of the invention arc any organic compounds having at 
least one oxirane ring 


polymerizable by a ring opening reaction. Such materials, broadly called epoxides, include both monomeric and pol- 
ymeric epoxides and can be aliphatic, cycloaliphatic, or aromatic. These materials generally have, on the average, at 
least two epoxy groups per molecule (preferably more than two epoxy groups per molecule). The "average" number 
of epoxy groups per molecuie is defined as the number of epoxy groups in the epoxy-containing material divided by 
the total number of epoxy molecules present. The polymeric epoxides include linear polymers having terminal epoxy 
groups (e.g., a diglycidyl ether of a polyoxyalkylene glycol), polymers having skeletal oxirane units (e.g., polybutadiene 
polyepoxide), and polymers having pendent epoxy groups (e.g., a glycidyl methacrylate polymer or copolymer). The 
molecular weight of the epoxy-containing material may vary from 58 to about 100,000 or more. Mixtures of various 
epoxy-containing materials can also be used in the hot melt compositions of the invention. 

[0058] Useful epoxy-containing materials include those which contain cyclohexene oxide groups such as the epox- 
ycyclohexanecarboxylates, typified by S^-epoxycyclohexylmethyl-a^-epoxycyclohexanecarboxylate, 3,4-epoxy- 
2-methylcyclohexylmethyl-3,4-epoxy-2-methylcyclohexane carboxylate, and bis(3,4-epoxy-6-methyfcyclohexylme- 
thyl) adipate. For a more detailed list of useful epoxides of this nature, reference may be made to U.S. Patent No. 
3,117,099. 

[0059] Further epoxy-containing materials which are particularly useful in the practice of this invention include glycidyl 
ether monomers of the formula 


where R' is aikyl or aryl and n is an integer of 1 to 6. Examples arc the glycidyl ethers of polyhydric phenols obtained 
by reacting a polyhydric phenol with an excess of chlorohydrin such as epichlorohydrin (e.g., the diglycidyl ether of 
2,2-bis-(2 J 3-epoxypropoxyphenol) propane). Further examples of epoxides of this type which can be used in the prac- 
tice of this invention are described in U.S. Patent No. 3,018,262. 

£0060] There is a host of commercially available epoxy-containing materials which can be used in this invention. In 
particular, epoxides which are readily available include octadecylene oxide, epichlorohydrin, styrene oxide, vinyl cy- 
clohexene oxide, glycidol, glycidylmethacrylate, diglycidyl ether of Bisphenol A (e.g., those available under the trade 
designations EPON 828, EPON 1004, and EPON 1 001 F from Shell ChemicaJ Co., and DER-332 and DER-334, from 
Dow Chemical Co.), diglycidyl ether of Bisphenol F (e.g., ARALDITE GY281 from Ciba-Geigy), vinylcyclohexene di- 
oxide (e.g., ERL4206 from Union Carbide Corp.), 3, 4-epoxycydohexylmethyl-3,4-cpoxycyclohexene carboxylate (e. 
g., ERL-4221 from Union Carbide Corp.), 2-(3,4-epoxycylohexyl-5,5-spiro-3 l 4-epoxy)cyclohexane-metadioxane (e.g., 
ERL-4234 from Union Carbide Corp.), bis(3,4-cpoxycyclohcxyl) adipate (e.g., ERL-4299 from Union Carbide Corp.), 
drpentene dioxide (e.g., ERL-4269 from Union Carbide Corp.), epoxidized polybutadiene (e.g., OXIRON 2001 from 
FMC Corp.), silicone resin containing epoxy functionality, epoxy silanes (e.g., beta-(3,4-epoxycyclohexy1)ethyltrimeth- 
oxy sitane and gamma-glycidoxypropyltrimethoxy silane, commercially available from Union Carbide), flame retardant 
epoxy resins (e.g., DER-542, a brominated bisphenol type epoxy resin available from Dow Chemical Co.), 1 ,4-butane- 
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diol diglycidyl ether (e.g., ARALDITE RD-2 from Ciba-Geigy), hydrogenated bisphenol A-cpichlorohydrin based epoxy 
resins (e.g., EPONEX 1510 from Shell Chemical Co.), and polyglycidyl ether of phenolformaldehyde novolak (e.g., 
DEN-431 and DEN-438 from Dow Chemical Co.). 

[0061] The photoinitiators which arc useful in the compositions of the invention arc cationtc and include these three 
types, viz. aromatic iodonium complex salts, aromatic sulfonium complex salts and metallocene salts. Useful aromatic 
iodonium complex salts have the formula: 


w 



® x e 


20 


where Ar 1 and Ar 2 are aromatic groups having 4 to 20 carbon atoms and arc selected from the group consisting of 
phenyl, thierryf, furanyl, and pyrazolyl groups. Z is selected from the group consisting of oxygen; sulfur; 


25 


|=0; d:=0; o=i 

I I 


;R— jl 

I 


where R is aryl (of 6 to 20 carbons, such as phenyl) or acyl (of 2 to 20 carbons, such as acetyl, benzoyl, ete.); a carbon- 
30 to-carbon bond; or 


35 



where R., and R^ are selected from hydrogen, alkyl radicals of 1 to 4 carbons, and aikenyl radicals of 2 to 4 carbons. 
The value of m is zero or I and X is a halogen-containing complex anion selected from tetrafluoroborate, hexafluoro- 
phosphate, pentafluorohydroxyantimonate, hexafluoroarsenate, and hexafluoroantimonate. 

[0062] The Ar> and Ar 2 aromatic groups may optionally have on© or more fused benzo rings (e.g., naphthyl, benzo- 
thienyl, dibenzothienyl, benzofuranyl, dfbenzofuranyl, etc.). The aromatic groups may also be substituted, If desired, 
by one or more non-basic groups if they arc essentially non-reactive with epoxide and hydroxyl functionalities. 
[0063] Useful aromatic iodonium complex salts are described more fully In U.S. Patent No. 4,256,828. The preferred 
aromatic Iodonium complex salts are dlaryliodonium hexafluorophosphate and diary liodonlum hexafluoroantimonate. 
[0064] The aromatic iodonium complex salts useful in the compositions of the invention are photosensitive only in 
the ultraviolet region of the spectrum. They, however, can be sensitized to the near ultraviolet and the visible range of 
the spectrum by sensitizers for known photolyzable organic halogen compounds. Illustrative sensitizers include aro- 
matic amines and colored aromatic polycyclic hydrocarbons. 

[0065] Aromatic sulfonium complex salt photoinitiators suitable for use in the compositions of the invention can be 
defined by the formula 
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wherein R 3 , R 4 and R 5 can be the same or different, provided that at least one of the groups is aromatic. These groups 
can be selected from aromatic moieties having 4 to 20 carbon atoms (e.g. , substituted and unsubstituted phenyl, thienyl, 
*5 and furanyl) and alkyl radicals having 1 to 20 carbon atoms. The term "alky!" includes substituted alkyl radicals (for 
example, substituents such as halogen, hydroxy, alkoxy, aryl). Preferably, F^, R 4 and R 5 are each aromatic. Z, m and 
X are ail as defined above with regard to the lodonfum complex salts. 

[0066] If R 3 , R 4 or R 5 is an aromatic group, It may optionally have one or more fused benzo rings (e.g, naphthyl, 
benzothienyl, dibenzothienyl, benzofuranyl, dibenzofuranyl, etc.) Such aromatic groups may also be substituted, if 
20 desired, by one or more non-basic groups that are essentially non-reactive with epoxide and hydroxyl functionality. 
[0067] The triaryl-substituted salts such as triphenylsulfonium hexafiuoroarrtimonate are preferred. Useful sulfonium 
complex salts are described more fully in U.S. Patent No. 4,256,828. 

[0068] The aromatic sulfonium complex salts useful in the invention are inherently photosensitive only in the ultra- 
violet region of the spectrum. They, however, are sensitized to the near ultraviolet and the visible range of the spectrum 
25 by a select group of sensitizers such as described in U.S. Patent No. 4,256,828. 
[0069] Useful metallocene salts can have the formula: 


35 M p represents a metal selected from Cr, Mo, W, Mn, Re, Fe, and Co; 

L 1 represents 1 or 2 ligands contributing ^-electrons that can be the same or different iigand selected from substituted 

and unsubstituted 7i 3 -allyl, 7i 5 -cydopentadienyl, and T| 7 -cycloheptatrlenyl and T| 6 -aromatic compounds selected 

from n e -benzene and substituted Tj 6 -benzene compounds and compounds having 2 to 4 fused rings each capable 

of contributing 3 to 8 ic-electrons to the valence shell of M p ; 
40 l 2 represents none or 1 to 3 ligands contributing an even number of slgma-electrons that can be the same or different 

Iigand selected from carbon monoxide or nitrosonium; 

with the proviso that the total electronic charge contributed to M p by L 1 and L 2 plus the ionic charge on the metal M p 
results in a net residual positive charge of q to the complex, and 


q Is an integer having a value of 1 or 2, the residual electrical charge of the complex cation; 
Y is a halogen-containing complex anion selected from AsF 6 -, SbF 6 - and SbF 5 OH-; and 

r is an integer having a value of 1 or 2, the numbers of complex anions required to neutralize the charge q on the 
complex cation. 


[0070] Useful metallocene salts are described more fully in U.S. Patent No. 5,069,536. The metallocene salts may 
be used in conjunction with a reaction accelerator such as an oxalate ester of a tertiary alcohol. 
[0071] Useful commercially available photoinltiators include FX-512, an aromatic sulfonium complex salt (3M Com- 
pany), an aromatic sulfonium complex salt (Union Carbide Corp.), UVI-6974, an aromatic sulfonium complex salt (Union 
55 Carbide Corp), and IRGACURE™261 , a metallocene complex salt (Clba-Geigy). 

[0072] Optionally, the hot melt compositions of the invention may further comprise a hydroxyl-containing material: 
The hydroxyl-containing material may be any liquid or solid organic material having hydroxyl functionality of at least 1 , 
preferably at least 2, and most preferably about 3. The hydroxyl-containing organic material should be free of other 
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"active hydrogen" containing groups such as amino and mercapto moieties. The hydroxyl-containing organic material 
should also be substantially free of groups which may be thermally or photolyticaily unstable so that the material will 
not decompose or liberate vofatile components at temperatures below about 100*C or when exposed to actinic or 
electron beam radiation during curing. 

5 [0073] Preferably the organic material contains two or more primary or secondary aliphatic hydroxy I groups (i.e., the 
hydroxyl group is bonded directly to a non-aromatic carbon atom). The hydroxyl group may be terminally situated, or 
may be pendent from a polymer or copolymer. The number average equivalent weight of the hydroxyl-containing ma- 
terial is preferably about 31 to 2250, more preferably about 80 to 1000, and most preferably about 80 to 350. 
[0074] Representative examples of suitable organic materials, having a hydroxyl functionality of 1 include aikanols, 

to monoalkyl ethers of polyoxyalkyiene glycols, and monoalkyl ethers of alkylene glycols. 

[0075] Representative examples of useful monomeric polyhydroxy organic materials include alkylene glycols (e.g., 
1 ,2-ethanediol, 1 ,3-propanediol, 1 ,4-butanediol, 2-ethyM ,6-hcxancdiol, bis(hydroxymethyl)cyclohcxanc, 1,18-dihy- 
droxyoctadecane, and 3-chloro-1 ,2-propancdiol), polyhydroxyaJkanes (e.g., glycerine, trimethylolethane, pentaeryth- 
ritol, and sorbitol) and other polyhydroxy compounds such as N,N-bis(hydroxyethyl)benzamide, 2-butene-1 ,4-dioi, cas- 

" tor oil, etc. 

[0076] Representative examples of useful polymeric hydroxyl-containing materials include polyoxyalkyiene polyols 
(e.g., polyoxyethyiene and poiyoxypropylene glycols and trfols of equivalent weight of 31 to 2250 for the diols or 80 to 
350 for triols), polytetramethylene oxide glycols of varying molecular weight, hydroxyl-termlnated polyesters, and hy- 
droxyl -terminated poly lactones. 

20 [0077] Useful commercially available hydroxyl-containing materials include the POLVMEG series (available from QO 
Chemicals, Inc.) of polytetramethylene oxide glycols such as POLYMEG 650, 1 000 and 2000; the TERATH ANE series 
(from E.I. duPont de Nemours and Company) of polytetramethylene oxide glycols such as TERATH ANE 650, 1000 
and 2000; POL YTHF, a polytetramethylene oxide glycol from BASF Corp.; the BUTVAR series (available from Mon- 
santo Chemical Company) of polyvinylacetal resins such as BUTVAR B-72A, B-73, B-76, B-90 and B-98; the TONE 

25 series (available from Union Carbide) of polycaprolactone polyols such as TONE 0200. 0210, 0230, 0240, and 0260; 
the DESMOPHEN series (available from Miles Inc.) of saturated polyester polyols such as DESMOPHEN 2000, 2500, 
2501, 2001 KS, 2502, 2505, 1700, 1800, and 2504; the RUCOFLEX series (available from Ruco Corp.) of saturated 
polyester polyols such as S-107, S-109, S-1011 and S-1014; VORANOL 234-630 (a trimethylol propane) from Dow 
Chemical Company; VORANOL 230-238 (a glycerol polypropylene oxide adduct) from Dow Chemical Company; the 

30 SYNFAC series (from Miliiken Chemical) of polyoxyalkylated bisphenol A's such as SYNFAC 8009, 773240, 8024. 
8027, 8026, and 8031 ; and the ARCOL series (from Arco Chemical Co.) of poiyoxypropylene polyols such as ARCOL 
425, 1025,2025. 42. 112, 168, and 240. 

[0078] The amount of hydroxyl-containing organic material used in the compositions of the invention may vary over 
a broad range, depending on factors such as the compatibility of the hydroxyl-containing material with both the epoxy- 
35 containing material and the polyester component, the equivalent weight and functionality of the hydroxyl-containing 
material, and the physical properties desired in the final cured composition. 

[0079] The optional hydroxyl-containing material is particularly useful in tailoring the flexibility of the hot melt com- 
positions of the Invention. As the equivalent weight of the hydroxyl-containing material increases, the flexibility of the 
hot melt composition correspondingly increases although there may be a consequent loss in cohesive strength. Sim- 
40 ilarly, decreasing equivalent weight may result in a loss of flexibility with a consequent increase in cohesive strength. 
Thus, the equivalent weight of the hydroxyl-containing material is selected so as to balance these two properties, the 
appropriate balance depending on the particular application. 

[0080] Flexible melt sealing compositions are useful in forming flexible sheets for scaling performance at lowertem- 
peratures, I.e., below about 0°C. If the hydroxyl-containing material is used to tailor the flexibility of the melt sealing 

43 composition, polyoxyethyiene glycols and triols having an equivalent weight of about 31 to 2250 for the glycols and 80 
to 350 for the triols arc particularly preferred. Even more preferred are poiyoxypropylene glycols and triols having an 
equivalent weight of about 31 to 2250 for the glycols and an equivalent weight of about 80 to 350 for the triols. 
[0081] The melt-flowable compositions of the invention comprise from 0.01 to 95 parts per 100 pans total of the 
epoxy-containing material and, correspondingly, from 99.99 to 5 parts of the polyester component. More preferably, 

so the rneit-flowable compositions of the invention comprise from 0.1 to 80 parts of the epoxy-containing material and, 
correspondingly, from 99.9 to 20 parts of the polyester component. Most preferably, the hot melt compositions of the 
invention comprise from 0,5 to 60 parts of the epoxy-containing material, and, correspondingly, from 99.5 to 40 pans 
of the polyester component. Increasing amounts of the epoxy-containing material relative to the polyester component 
generally result In melt-flowable compositions having higher ultimate strength and heat resistance but less flexibility, 

55 and lower viscosity. Increasing amounts of the polyester component generally result in melt-flowable compositions 
having lower ultimate strength, heat resistance and higher viscosity but greater flexibility and green strength build-up. 
Thus, the relative amounts of these two ingredients are balanced depending on the properties sought In the final 
composition. 
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[0082] The photo initiator, if used, is included in an amount ranging from about 0.01 to 4% based on the combined 
weight of the epoxy-containing material end the polyester component. Increasing amounts of the photoinitiator can 
result in an accelerated curing rate. Increased amounts of photoinitiator can also result in reduced energy exposure 
requirements. The amount of the photoinitiator is determined by the rate at which the composition should cure, the 

5 intensity of the radiation source, and the thickness of the composition. 

[0083] In some applications, it is useful to initially radiation cure the melt-flowable composition only at the surface of 
the sheet, and subsequently thermally cure the entire sheet later. For example, an actinic radiation curable epoxy 
polyester sheet material is exposed to actinic radiation to cure the surface of the sheet material, and then placed in 
the aforementioned roof ditch such that the sheet material forms a concave surface along the roof ditch as shown in 

10 FIG. 1b. The strip is then heated to a temperature sufficient to bond the strip to the surfaces within the ditch, and cure 
the entire thickness of the sheet. The result is a skinned surface on the sheet material that aids in providing a smooth 
surface for visual and functional reasons. 

[0084] Melt-flowable compositions which include a polyether polyol may be useful in allowing the melt-flowable sheet 
to conform to the surface and displace trapped air before forming a permanent bond to the substrate. 

15 [0085] Additionally, and optionally, up to 50% of the total volume of the composition (based on the epoxy-containing 
material, the polyester component, the photoinitiator and the optional hydroxyl-containing material), may be provided 
by various fillers, adjuvants, additives and the like such as silica, glass, clay, talc, pigments, colorants, glass beads or 
bubbles, glass or ceramic fibers, antioxidants, and the like so as to reduce the weight or cost of the composition, adjust 
viscosity, and provide additional reinforcement. Fillers and the like which are capable of absorbing the radiation used 

20 during the curing process should be used in an amount that does not adversely affect the curing process. 

[0086] The melt-flowable compositions comprising the foregoing polyester and epoxy polyester materials are pre- 
pared by mixing the various ingredients in a suitable vessel, preferably one that is not transparent to actinic radiation 
if a photoinitiator is used, at an elevated temperature sufficient to liquefy the components so that they can be efficiently 
mixed with stirring until the components are thoroughly melt blended but without thermally degrading the materials. 

2s The components may be added simultaneously or sequentially, although it is preferred to first blend the epoxy-con- 
taining material and the polyester component followed by the addition of the hydroxyl-containing material and then the 
photoinitiator. The mett-flowable compositions should be compatible in the melt phase, i.e., there should be no visible 
gross phase separation among the components. 

[0087] The melt-flowable sheet made with epoxy polyester compositions may be tacky or tack-free. A blend of liquid 

30 and solid epoxy-containing materials is useful in providing a tacky sheet. 

[0088] In use, the melt-flowable sheet materials containing a photoinitiator can be exposed to a radiation source to 
activate the catalyst for curing of the epoxy-containing material before, during, or after the sheet material has been 
applied to the substrate. Activation of the catalyst occurs upon exposure of the sheet materials to any source emitting 
actinic radiation (i.e., radiation having a wavelength in the ultraviolet or visible spectral regions). Suitable sources of 

35 radiation include mercury, xenon, carbon arc, tungsten filament lamps, quartz halogen lamps, fluorescent lights, sun- 
light, etc. Exposure times must be sufficient to activate the catalyst and may vary from less than about 1 second to 20 
minutes or more depending upon both the amount and the type of reactants involved, the radiation source, the distance 
from the radiation source, and the thickness of the sheet. 

[0089] The time needed to reach full cure may be accelerated by curing the sheet materials with heat, such as in an 
40 oven. The time and temperature of the cure will vary depending upon the glass transition temperature of the polyester 
component, the concentration of the photoinitiator, the radiation exposure conditions, and the like. Typical cure cycle 
conditions range from 5 to 30 minutes with temperatures ranging from about 50°C to 200°C. More than one heating 
cycle may be used to cure the sheet materials. 

[0090] The compositions may also be cured by exposure to electron beam radiation. The dosage necessary is gen- 
45 erally from less than 1 megarad to 1 00 megarads ormore. The rate of curing tends to increase with increasing amounts 
of photoinitiator at a given light exposure or irradiation. The rate of curing also increases with increased radiation 
intensity or electron dosage. 

[0091] Other layers may be included in the melt-flowable sheet for various purposes. A second melt-flowable layer 
may be adhered to the one major surface of the first melt-flowable sheet to improve the topographical and aesthetic 
so features of a surface. 

[0092] Furthermore, one or more of the layers of a sheet material of the invention may include other ingredients. 
Examples of such ingredients arc potyacctals, reinforcing copolymers, and polycapro lactone diols. Further examples 
include giycidyl methacrytate, silanes and other species to provide for crosslinking between separated polymeric phas- 
es. 

55 [0093] A second layer may be included in the melt-flowable sheet material to improve outdoor weatherabllrty of the 
tape. 

[0094] The second layer of the melt-flowable tape can include thermal expansion agents such as blowing agents, 
foaming agents, expandable polymeric microspheres and the like to impart a convex shape to a surface. 
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£0095] A woven or nonwoven web or scrim may be included in the melt-flowable sheet material. The web can be 
laminated to the melt-flowable layer using an adhesive or by heat lamination techniques, and may be inserted between 
two melt-flowable layers. Addition of a nonwoven web has been found to be useful in controlling the flow of the melt- 
flowable layer. The woven or nonwoven web can also be used to impart strength to the sheet material for better handHnq 
properties. " J 


£0096] Other materials that can be included as part of the melt-flowable sheet material arc thermoplastic films. Pref- 
erably, the films arc dimensionally stable at the temperatures to which they might be exposed to either in applying the 
melt-flowable sheet material to a substrate, e.g., when the sheet material Is heated to a temperature necessary to 
cause flow anoVor thermosetting of the' sheet material, or after it has been applied, e.g., exposure to cold weather 
temperatures, sunlight, etc. Useful films include polyurethane films, oriented polyester films, polyimide films, and the 
like. The films can be used to provide smooth surfaces for painting or as the finished surface after the melt-flowable 
sheet has been bonded to a surface. 

[0097] Two or more melt-flowable layers having different melt flow properties may be laminated together to form a 
melt-flowable sheet material. For example, the top layer can be formulated to have greater flow properties than the 
bottom layer, while the bottom layer is formulated to have higher strength for better handling properties, so that on 
heating, the top layer will flow and encapsulate the bottom layer. 

[0098] In another embodiment, a pressure-sensitive adhesive (PSA) layer may be attached to the melt-flowable layer 
so that the melt-flowable sheet can be positioned on a surface before the melt flow layer is heated. The melt flow layer 
may either flow slightly to provide rounded edges on the melt-flowable sheet without flowing around the PSA, or it may 
flow sufficiently to encapsulate the PSA so that none of the PSA edges arc exposed, 

[0099] Useful PSA's Include block copolymer PSA's, such as styrcncisoprene-styrene block copolymers that can be 
hot melt coated or solvent coated; acrylonilrile PSA's; acrylate PSA's, such as copolymers of acrylic or methacrylic 
esters of non-tertiary alcohols having from about 4 to 12 carbon atoms in the alcohol moiety and optional coporymer- 
izable reinforcing monomers, that arc polymerized using known techniques including solvent polymerization, emulsion 
polymerization, and radiation polmycrtzatio.n; natural rubber PSA's, silicone PSA's, and vinyl acetate PSA's. The PSA's 
can be bonded to the melt-flowable sheet by any known techniques including coating the PSA directly onto the sheet 
and curing the PSA or drying off the solvent, laminating the PSA transfer tape to the sheet, co-extruding a hot melt 
PSA with the melt-flowable layer, and the like. 

[01 00] In a preferred embodiment, the PSA is an acrylate copolymer. Useful esters for the copolymer include n-butyl 
acrylate, hexyl acrylate, 2-ethylhexyl acrylate, octyl acrylate. isooctyl acrylate, decyl acrylate, dodecyl acrylate and 
mixtures thereof. 

[01 01 ] The copolymerizable reinforcing monomer, if used, is a monomer which has a homopolymer glass transition 
temperature higher than the glass transition temperature of a homopolymer prepared from the acrylic or methacrylic 
ester. Useful reinforcing monomers include acrylic acid, isobornyl acrylate, N-vinyl pyrrolidone, acrylonltrile N-vinyl 
35 caprolactam, N-vinyl plperidine, and N,N-dimethylacrylamrde, and itaconic acid. 

£0102] When a reinforcing monomer is used, the acrylic or methacrylic ester will generally be present in an amount 
of about 50 to 1 00 parts by weight, and the reinforcing comonomer will be present in a corresponding amount of from 
about 50 to 0 parts by weight. 

[0103] The above-described pressure-sensitive adhesfves can be prepared by known processes by mixing an initi- 
«> ator such as azobisisobutyronitrile in an organic solvent such as ethyl acetate, adding the monomers In the desired 
proportions, and then heating at an elevated temperature such as 80*0, until the polymerization Is completed The 
adhesives can also be prepared by UV polymerization and E-beam polymerization by processes known in the art. 
Pressure-sensitive adhesives arc also available commercially from a number of suppliers as adhesive transfer tapes 
Such tapes include product numbers 465, 467, and 468, all commercially available from Minnesota Mining and Man- 
45 ufacturing Co. 

[0104] In an another embodiment, the melt-flowable sheet material may Include a layer of a thermosettable PSA 
which is tacky and pressure-sensitive at room temperature, and which cures to a thermoset adhesive after heating 
This type of melt-flowable sheet material has utility in bonding together two surfaces with the sheet bonding to a first 
surface on the thermosettable PSA side at a lower temperature, i.e., about room temperature, and then bonding to a 
60 se cond surface on the melt-flowable side at a higher temperature, i.e., the melt temperature of the melt-flowable layer 
When the substrates arc heated at the higher temperature, the PSA also cures to form a thermoset adhesive having 
very high bond strengths. In this application, the melt-flowable layer may be selected for minimal flow at the higher 
temperatures so that the melt-flowable material does not flow out of the bond. 

[01 05] Preferred melt-flowable layers for this embodiment include the above-mentioned polyesters and f unctional- 
55 jzed olefin ic polymers. 

[0106] Suitable thermosettable PSA's Include a thermosettable component and a pressure-sensitive adhesive com- 
ponent. The thermosettable component will generally be present in an amount of about 25 to 1 50 parts by weight based 
on 1 00 parts by weight of the PSA component. 
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[01 07] Coatable compositions for the thermosettable PSA can be formed by various methods which include blending 
together a solvent-based PSA, a thermosettable resin, and thermosettable curatives; dissolving a pressure-sensitive 
elastomer, such as a nitrite butadiene rubber, in a solvent, and mixing with thermosettable resins and curatives; and 
blending monomers or prepolymers usef ul for making a PSA, such as the monomers for making the above-mentioned 
s aery late copolymers, with thermosettable resins and curatives, and photopolymerizing the blends. 

[01 08] Materials useful for the PSA component include those described above for a PSA. Preferred materials include 
acrylonitiiles and acrylates, and especially preferred arc acryJates. 

[01 09] The thermosetting components arc thermosetting resins such as epoxy resins, urethane resins, and phenolic 
resins. Preferred thermosetting resins are epoxies and urethanes, and epoxies are most preferred. Useful epoxy resins 
io arc described above. The epoxy resin may be solid, liquid, or a mixture thereof, as long as the epoxy can be mixed 
with the PSA component. Preferred epoxies include phenolic epoxy resins, bisphenol epoxy resins, hydrogenated 
epoxy resins, bisphenol epoxy resins, aliphatic epoxy resins, halogenated bisphenol epoxy resins, novalac epoxies, 
and mixtures thereof, and most preferred epoxies include digiycidyl ethers of bisphenol A. 

[01 1 0] I n a preferred embodiment, the thermosettable PSA is the photopolymerized reaction product of a composition 
having (i) a prepolymeric (i.e., partially polymerized to a viscous syrup typicalfy between about 100 and 10,000 
centipoises) or monomelic syrup of an acrylic or methacrylic acid ester as described above; (ii) optionally, a reinforcing 
comonomer as described above; (Hi) an epoxy resin; (iv) a photoinitiator; and (v) a heat actlvatable hardener for the 
epoxy. The adhesives can be prepared according to the procedures found In U.S. Patent No. 5,066,088, incorporated 
herein by reference. 

20 [0t11] The photoinitiators usefui for polymerizing the prepolymeric or monomelic syrup may be any conventional 
free radical initiator activatable by, for example, ultraviolet light. An example of a suitable photoinitiator is 2,2-dimethoxy- 
2-phenylacetophenone (lrgacure™651 available from Ciba-Geigy Corporation). The photoinitiator is used in an amount 
sufficient to polymerize the monomers : typically about 0.01 to 5 parts by weight per 100 pans of the prepolymeric or 
monomelic syrup. 

25 [01121 The heat activatable curative is added to the composition to effect curing of the epoxy resin when heated. 
The hardener may be any type, but preferably, it is an amine type hardener such as dicyandiamide and poiyamine 
salts. Suitable commercial curatives arc available under the Omieure™ trademark from Omicron Chemical, and under 
the Ajicure™ trademark from Ajinomoto Chemical. The curative is used in an amount sufficient to cure the epoxy resin, 
typically, in an amount from 0.1 to 20 pans by weight, and preferably, 0.5 to 10 pans by weight per 100 pans of epoxy 

30 resin. 

[01 13] It is useful to further add an accelerator to the adhesive composition because the heat to which the composition 
is exposed may be insufficient to fully activate the curing agents to cure the epoxy resin. The accelerator allows the 
adhesive to cure at a lower temperature and/or for shorter periods of heat exposure. Imidazoles and urea derivatives 
arc particularly preferred in the practice of the present invention and useful compounds include 2 J 4-diamino-6-(2'- 
35 methyl imidazole)-ethyl-s-tria2ine isocyanurate, 2-phenyl-4-benzyl-5-hydroxymcthylimida2olc, hexakis (imidizole)nick- 
el phthalate, and toluene bis-dimethylurea. The accelerator may be used in an amount up to 20 parts by weight per 
1 00 pans by weight of the epoxy resin. 

[01 1 4] In making the melt-f lowable sheet with a thermosettable PSA the aforementioned solvent based compositions 
are coated onto a flexible web, preferably a silicone coated release liner, at the desired adhesive thickness and the 

40 solvent is removed by heating the adhesive to a temperature below the thermosetting temperature. The adhesive is 
then laminated to the melt-nowable sheet for further use. Alternatively, the compositions can be coated directly onto 
the melt-flowable sheet and dried at temperatures below the hot melt activation temperature. 
[0115] in an alternative embodiment, a photopolymerized syrup composition having the above described thermo- 
settable PSA ingredients is prepared by coating the the syrup composition onto a silicone release liner and photopo- 

45 lymerizing in an Inert atmosphere, i.e., substantially oxygen-free atmosphere, e.g., a nitrogen atmosphere, and Irradi- 
ating the composition with ultraviolet light. A sufficiently inert atmosphere can be achieved by covering the coating with 
a second polymeric film which is substantially transparent to UV radiation, and irradiating th rough the film. The adhesive 
is then laminated to the melt-flowable layer, Alternatively, a sheet of melt-flowable layer may be used in place of either 
the top or the bottom release liner. 

s0 [0116] Further, a nonwoven or reinforcing scrim may be inserted between the layers or embedded within the ther- 
moset PSA layer to provide additional strength for handling purposes. 

[01 17] The aforementioned melt-flowable sheet having a thermosettable PSA is particularly useful for washer bond- 
ing in assembling automobiles. The washer is prepared by laminating the washer to a piece of the thermosettable PSA 
that has been cut, e.g., die cut or punch pressed, to the size and shape of the washer. The cut thermosettable PSA is 
ss then laminated to the washer by hand or by robotized machinery with the melt-flowable side exposed and available 
for bonding at higher temperatures. Alternatively, the thermosettabie PSA Is bonded to a sheet of metal suitable for 
making washers. The melt-flowable layer of the sheet is tack-free at room temperature. Washers of the desired dimen- 
sion arc then stamped from the metal sheet. 
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[01 1 8] In use, the washer is used to tig hten a bolt to a door hin ge as the door is aligned and attached to the automobile 
frame. The automobile is then painted and put through oven curing cycles to dry and cure the paint. The melt-flowable 
side of the sheet also melts sufficiently in the oven to bond aggressively to the metal surface of the frame. The doors 
arc then removed for installing interior pans, and the doors can be re-attached in the aligned position as indicated by 
* the position of the washers. This method of washer bonding allows for automatic dispensing of the washers in assembly 
as well as eliminating liners and adhesive contamination problems associated with previously known methods of bond- 
ing washers. 

[0119J In the washer bonding application the melt-flowable sheet Is preferably from about 10 to 250 micrometers 
thick, and most preferably, 25 to 1 00 micrometers thick. Thicknesses greater than about 250 micrometers may result 
10 in leaking of the melt-flowable material from the washer during the thermosetting operation which can affect the strength 
of the bond between the washer and the automoblie frame. The thermosetting pressure-sensitive adhesive layer should 
range from about 1 0 to 300 micrometers, and preferably, from about 30 to 200 micrometers. 

TEST PROCEDURES 

15 

OVERLAP SHEAR STRENGTH 


[0120] Two 2.5 cm by 5 cm PPG ED-11 panels (electrodeposltion primed steel available from Advance Coating 
Technologies, Inc., also referred to herein as ED-1 1 panels) were bonded wtth a 2.54 cm x 1 .27 cm overlap area using 
20 a strip of melt-flowable tape measuring 2.54 cm by 1 .27 cm. The sample is heated to bond the two panels together at 
temperatures indicated in the specific examples and then cooled to room temperature for at least 1 6 hours. The panels 
are then tested in an Inetron™ tensile testing machine using a crosshead speed of 5 cm per minute. The force at 
adhesive failure is recorded in mcgaPascals (MPa). 

25 ADHESIVE SHEAR STRENGTH FOR WASHER BONDING 

[01 21 ] The adhesive shear strength was measured acco rding to JISK6850. Two 1 .6 mm thick steel panels were used 
as the substrates. The adhesive is placed between the panels and then cured at a temperature of 1 40°C with a pressure 
of 500 g/cm 2 for 60 minutes. The panels are then cooled to room temperature before testing. Using a tensile tester, 
so the adhesive shear strength is measured at a jaw separation rate of 50 mm/min. 
[0122] The preferred adhesives have a shear strength greater than 50 kgf/cm 2 . 

PUNCHING ABILITY 


35 


[01 23J A pressure operated punch press was used to punch the bonding materials in the form of a circle correspond- 
ing to the hole in a washer with a pressure of 30 kgf/cm 2 . The number of samples per bonding material was five. Trie 
samples were assessed under the criteria below. 

[01241 Good: no punching failure. The pressure-sensitive thermosetting adhesive does not leak out of the hot melt 
film. The cross section looks good. 

[0125] Relatively hard to punch: one or two samples arc punched imperfectly. The thermosetting adhesive sliqhtlv 
leaks out of the hot melt film. 


LEAKAGE OF AN ADHESIVE AGENT 


[0126] The samples used in measuring the adhesive shear strength were used to visually check for leakage of a 
pressure-sensitive thermosetting adhesive or the hot melt film from the steel panels. The criterion is presented below: 

No leakage: Ok 

Slight amount of leakage: Fair 

Large amount of leakage: Poor 

Specific embodiments of the invention will be illustrated by the following noniimfting examples. Pans refer to parts 
by weight unless otherwise indicated. 


Examples 1 -2 

55 

[0127J For Example 1 (EX-1), a melt-flowable sheet was prepared by heating 1 00 pans of a hydroxy-functional semi- 
crystalline polyester resin (Dynapol™ 1 402 available from HQls America) to about 11 0*C to form a molten mixture. The 
molten mixture was coated on a knife bar coaler (heated to 127°C) onto a siiicone coated kraft paper to form a 1 .0 mm 
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thick sheet. The sheet was cooled to room temperature and became opaque after about 2 hours indicating that crys- 
tallization had occurred. 

[0128] For Example 2 (EX-2), a melt-flowable sheet was prepared by mixing 1 0 pans of a digylcidyl ether of bisphenol 
A (EPON™828, available from Shell Chemical Company) with 89 pans DYNAPOL™S1402 and 1 part triphenyl sulfo- 
5 nium hexafluoroantimonate (described in U.S. Pat. No. 4,321 ,951 , column 5, line 48, to column 7, line 48), and mixing 
at about 110°C for about an hour. The resulting mixture was coated on a knife bar coater (heated to 127°C) onto a 
silicone coated Kraft paper to form a 1 .0 mm thick sheet. The sheet was cooled to room temperature. 

Testing of Examples 1 & 2 

10 

[0129] Sample tapes of Examples 1 and 2 measuring about 2.5 cm by 7.6 cm were placed across a 2.5 cm wide 
strip of anodized aluminum positioned across a larger anodized aluminum panel (referred to hereinafter as a step 
panel), and heated in an oven at 177°C for 30 minutes. Both tapes flowed out and provided aesthetically pleasing 
smooth surfaces with rounded corners and smooth transitions between the aluminum strip and the panel. The tapes 

is also flowed out beyond the original dimensions of the strips on the panels and adhered tenaciously to the panels. 
[0130] Each example was then cut into strips 1.9 cm wide and about 25.4 long and placed into U-channels having 
an Inside width of 1 .9 cm. Each U-channel was formed by bending two pieces of cold rolled steel at 90° angles and 
spot welding the pieces together so that a step down'joint was formed in the U. The U-channels, with the strips attached, 
were tilted at an angle of about 15* and heated in an oven at 177°C for 30 minutes and cooled to room temperature. 

20 Both strips had flowed out to effectively seal the joint and impart a smooth surface in the channel with no appearance 
of the step joint on the surface. 

[0131] The lower edge of both strips were marked on the U-channel and both U-channels were then placed in a 
1 20°C oven at a 1 5° angle for 30 minutes, and then cooled. The flow from subsequent heating was about 3.2 mm on 
EX-1 and about 25.4 mm on EX-2. 

25 [0132] An additional sample of each of EX-1 and EX-2 was tested on step panels as described above and heated 
for 30 minutes at 177°C. All four samples (the two original samples exposed to previous heating cycles and the two 
new samples with no exposure to subsequent heating cycles) were painted with a white water-borne base coat 
(HWB90934 available from PPG Industries) and heated for 5 minutes at 121°C. A two part clear coat (CNCT2AH Part 
A and CNCT2BE Part B, both available from PPG Industries) was mixed according to the manufacturer's instructions 

so and spray painted on all four panels. The panels were then heated for 30 minutes at 140°C and cooled. The paint finish 
on the melt-flowable strips was identical in gloss, color, and distinctness of image (which is an indication of its mirror- 
like qualities) as the surrounding metal surface. The paint transition between the melt-flowable strip and the metal 
surface was smooth and exhibited no evidence of a parting iine or paint edge separation. 

[0133] The samples that had been heated once to melt flow the tapes prior to painting were then placed in an oven 
35 at 1 20°C for 30 minutes. After cooli ng, no additional flow was observed in either panel and the surface remained smooth 
and aesthetically pleasing. The panel with the melt-flowable strip of EX-2 exhibited slight wrinkling at the surface at 
oven temperatures, but the wrinkles disappeared on cooling to room temperature. 

[0134] The foregoing Examples and tests illustrate preferred embodiments of the invention wherein sealed, aesthet- 
ically pleasing, and paintabie surfaces are imparted to a metal surface. 

40 

Example 3 

[0135] The melt-flowable layer of EX-1 was cut into a strip measuring 2.5 cm by 7.6 cm, placed on an ED-11 panel, 
and heated in a 177°C oven for 30 minutes. The panel was then cooled, painted with the white base coat and clear 

45 coat paints described above, and placed in a 121 C C oven for 30 minutes to cure the paint. The melt-flowable tape 
produced a protuberance having rounded edges on the panel. Subsequent heating of the panel placed horizontally in 
a 1 77° C oven for 30 minutes did not affect the paint surface or any distortion to the protuberance. The panel was then 
placed in a 1 77°C oven for 30 minutes at a 75° angle from the horizontal. As the panel heated, a protuberance formed 
into a teardrop shape with the paint surface remaining intact. The panel was cooled to room temperature in the 75° 

so angle position and the protuberance returned to its original shape. 

[0136] The same panel was reheated at a 75° angle except that a pinhole was punched through the paint layer into 
the melt-flowable layer. Upon heating, the underlying melt-flowable layer was still thermosplastic and oozed out of the 
pinhole. 

[01 37] The foregoing example illustrates the formation of a reacted interface between the paint and the melt-flowable 
55 sheet material. 
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Example 4 


10 


is 


20 


[0138J A strip of the melt-flowable sheet of EX-1 measuring about 2.5 cm by 7.6 cm was placed on a silicone release 
coated polyester film and placed in an oven at 177*C until the tape became clear, Indicating that it had become amor- 
phous. The stnp was removed from the oven and cooled to room temperature {between 21 *C and 23*C). The strip 
st. I clear, had sufficient tack to adhere to an ED-11 at room temperature. The panel was then heated to adhere the 
strip to the panel at 120°C for 1 0 minutes, and then reheated at 1 77*C for 30 minutes. The sample was then painted 
and cured in a 140°C oven for 30 minutes. This example Illustrates how an embodiment of the invention can be tem- 
porarily positioned on a substrate before permanently bonding to the substrate. 

Example 5 

[0139] The melt-flowable sheet material of EX-1 was laminated to an aery late PSA transfer tape (467 Adhesive 
Transfer Tape, available from Minnesota Mining & Manufacturing Co.). Strips measuring 2.5 cm by 7.6 cm were lam- 
inated to an anodized aluminum panel, and 2.54 cm by 1 Z7 cm strips were laminated to the ED-11 overlap shear 
panels desenbed above. The samples were placed in an oven for 15 minutes at 177"C and then cooled at room 
temperature until they were opaque (about 90 minutes). 

[0140J The sample on the anodized aluminum panel adhered well and the melt-flowable sheet had encapsulated 
the PSA. The lap shear samples were tested and had an average overlap shear strength of 253.8 pounds per square 
inch. The failures were observed to be cohesive between the PSA and the meltflowable sheet 
[0141] The above example illustrates the utility of a PSA layer on the melt-flowable sheet to hold the sheet in place 
until it is heated to seal a surface. Examples 6-10 

[0142] Two hydroxy-functional polyesters having different amounts of crystallinity were mixed and coated to form 
sheets as desenbed in EX-1 . The time required for the sheets to turn opaque was measured as an indication of the 
rate of crystallization. The polyester materials used were Dynapol™ 1402, a weakly crystalline polyester resin and 
Dynapol™ 1359, a polyester resin with higher crystallinity. The amounts of each resin arc shown in Table 1 . The details 
shown in Table 1 indicate that the rate of crystallization can be varied. 


30 
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Table! 



EX-6 

EX-7 

EX-8 

EX-9 

EX-10 I 

Dynapol™S1402 

100 

75 

50 

25 

iq 

Dynapol™S1359 

0 

25 

50 

75 

100 

Crystallization Time (min) 

140 

110 

15 

9 



Examples 11-18 and C1 -C3 

[0143] Various thermoplastic materials were evaluated for flow and paint adhesion. The materials were provided in 
1 mm to 3 mm thick sheets. Example 11 was prepared as In EX-1 except that a 1 mm thick sheet was prepared, and 
Example 1 2 was prepared as in EX-2 except with a thickness of 1 mm. The remaining sheets were prepared by placing 
pellets of the matenals between release coated polyester liners and heating with an iron until the materials fused into 
sheets between about 0.08 mm and 0.15 mm In thickness. Multiple sheets were folded together to form thicker sheets 
measuring between about 1 and 3 mm. 

[0144] The samples were placed on step panels (described above) at 1 77»C for 20 minutes and the flow properties 
were noted. 

[0145] The samples were then painted with a white water-borne base coat (HWB90934 available from PPG Indus- 
tries) and heated for 5 minutes at 1 40»C. A two part clear coat (CNCT2AH Part A and CNCT2BE Part B, both available 
from PPG Industries) was mixed according to the manufacturer's instructions and spray painted on the panels The 
pane Is were then heated for 30 minutes at 14CC and cooled overnight. The panels were then reheated to 1 40»C for 
20 minutes. 

[0146] The materials were tested as follows: (1) for flow after heating, but before painting (OK indicates that the 
matenal flowed but remained viscous; L indicates that the material liquified); (2) paint quality after painting, curing the 
paint and re-heating (OK indicates surface appearance was good; FAIL indicates that the paint cracked or did not 
cure); (3) after reheating (OK indicates no change in appearance; EDGE indicates that the paint cracked around the 
perimeter of the sheet and FAIL indicates that the paint cracked and polymer flowed out of the cracks); and (4) for 
^~ffo adhesion ported as a percentage of the paint still adhered to the melt-flowable sheet, testing per ASTM 
D3359-90 to get (1 00% is desired. FAIL indicatessample failed before testcouldbe performed). Test results arc detailed 


BNSOCCID: <EP 1 123967A1_I__> 


16 


EP1 123 957 A1 


in Table 2. 


Table 2 


EX 

Melt-flowabie 

Heated 20 m in at 

Painted & Heated 

Reheated 20 min at 

Paint Adhesion % I 


Material 

350°C 

30 min @ 141°C 

141 °C 


I 1 

EX-1 

OK 

OK 

OK 

100 

12 

EX-2 

OK 

OK 

OK* 

100 

13 

A 

OK 

OK 

OK 

100*" 

14 

B 

OK 

OK 

EDGE 

100 

15 

C 

OK 

OK 

OK 

100 

16 

D 

OK 

OK 

FAIL. 

100** 

17 

E 

OK 

OK 

rAlL 

20 

18 

F 

OK 

FAIL 

FAIL 

FAIL 

C1 

G 

L 

FAIL 

FAIL 

FAIL 

C2 

H 

L 

FAIL 

FAIL 

FAIL 

C3 

I 

L 

FAIL 

FAIL 

FAIL 

A 

- rs-1 502 available 

from Sherex Co. 




| B - BUTVAR™B79 - polyvinylburyral from Monsanto Co. 



C 

- Surlyn™1 605 - ethylene acrylic acid film from DuPont Co. 



u - Primacor™3440 - ethylene acrylic acid from Dow Chemical Co. 



E 

- Elvax™260 - ethylene vinyl acetate from DuPont Co. 



F 

- SCX 8008 - acrylic polyol from J.C. Johnson Co. 



G - Carbowax™8000 from Union Carbide 




H - Carbowax™20M from Union Carbide 




I 

- TMP (trimethylolpropane) from Aldrich Chemical 




10 


15 


20 


25 


30 


' Paint surface wrinkled when hot; surface smoothed out on coding 
- Paint film w 
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Examples 19-21 


40 


45 


50 


[0147] Example 1 9 is a melt-f lowable sheet made as in EX-1 except to a thickness of about 2 mm. Example 20 was 
prepared using two sheets prepared as in EX-1 to a thickness of 1 .27 mm with a nylon n on woven between trie two 
sheets. The nonwoven was a 0.3 ounce/square yard (CEREX™ available from Fiberweb N.A.) and was laminated to 
the first sheet between two silicone coated polyester release liners with a heated iron. The second sheet was then 
laminated in a similar manner. The sheets had turned transparent during the lamination process. Example 21 was 
prepared as Example 20 except that a polyester nonwoven material (0.5 oz/sq. yd. Recmay 2250, available from 
Reemay) was used. 

[01 46] Examples 19-21 were tested by cutting 2.54 cm by 20.3 cm strips and placed lengthwise on a curved metal 

surface that was formed by bending a ED-11 primed metal panel such that it swept at an angle starting at about 30° 

from the horizontal. The bent panel was placed in an oven at 177°C for 10 minutes. After cooling, Example 1 9 was 

observed to have significant flow down the sides of the panel. Example 20 had a slight amount of flow but had shrunk 

about 8% due to shrinkage of the nylon. Example 21 also had a slight amount of flow but no shrinkage. 

[01 49] The foregoing examples illustrate how a nonwoven scrim can be used to control the flow of the melt-f lowable 

sheet. 


Examples 22 and 23 


55 


[01 50] Sheets were prepared as in EX-2 to a thickness of 0.076 mm. The sheet for Example 22 was exposed to UV 
radiation (low intensity black fight) for 5 minutes. The sheets for each example were then cut and layered to make 0.72 
mm thick sheets. The sheets were then cut into 2.54 cm by 7.62 cm strips, draped over two overlapping metal panels, 
and then heated at 177°C for 30 minutes. FIGS. 5a and 5b depict the panels and a sheet before (FIG. 5a) and after 
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heating (FIG. 5b). The panels were cooled and both examples exhibited sufficient flow to seal the seam. Example 23, 
the sample that was not irradiated had a smoother profile over the step In the overlapping panels and the step in panels 
was more pronounced in Example 22. The panels were then coated with a black base coat from BASF, cured, over- 
coated with a two part clear coat, and cured. Both samples painted well and cross hatch adhesion was 1 00%. 
10151 J The above examples illustrate how irradiating the sheet material can change the surface conformabillty. 

Example 24 

[0152] A crosslinkable melt-flowable sheet was prepared as In EX-2 except that the composition was prepared by 
mixing 10 parts of a cycloaliphatic epoxy (ERL-4221 available from Union Carbide) with 89 parts of a weakly crystalline 
saturated linear copolyester (DYNAPOL™S1402) and I part trrphenyl sulfonium hexafluoroantimonate, and coating to 
a thickness of 2 mm. A second melt-flowable sheet was prepared as in EX-1 except the thickness was 2 mm. The two 
sheets were placed on top of each other and between silicone release coated polyester liners, and heated at 1 77°C 
for 10 minutes to form a 4 mm thick sheet. A strip was cut to a width of about 2.54 cm and placed into a roof ditch 
prototype having a width of 1 .25 cm and a depth of about 1 .9 cm, with the cross-linkable sheet on top. The prototype 
with the strip was placed in an oven at 1 77°C for 20 minutes. After cooling, the strip had maintained an aesthetically 
pleasing concave surface along the length of the protoiype. The bottom layer had melted and flowed Into the joint In 
the prototype and the sides of the tape had bonded tenaciously to the sides of the ditch to effectively seal the ditch. 
Some entrapped air bubbbles were seen and these may have been related to the thickness of the tape. 

Example 25 

£01 53] The 2 mm thick crosslin kable melt-flowable sheet of Example 24 was exposed to UV black light for 20 seconds 
to photolyze the surface with a total energy of 1 60 mJ/cm* (millijoules per square centimeter) using a Uvirad radiometer 
(Model No. VR365CH3) from E.i.T. (Electronics Instrumentation & Technology, Inc., Sterling, VA). A strip was cut as 
in example 24, creased lengthwise with the photoryzed side in, and then placed into a prototype roof ditch as described 
in Example 24, with the phololyzed side up. The prototype was then heated at 1 77°C for 20 minutes. The thinner strip 
provided a smoother transition line between the strip and the sides of the roof ditch prototype, while providing a tena- 
cious bond to the sides of the prototype. Some entrapped air was observed between the strip and the prototype, but 
bubbles did not affect the aesthetically pleasing surface characteristics of the strip. 

Examples 26-34 

[0154] Melt-flowable sheets were prepared as described in EX-2 except that the compostions and materials were 
changed as shown in in Table 3. Examples 26-31 were 2 mm thick and Examples 32-34 were 1 mm thick. All of the 
examples exhibited good flow properties and paint adhesion was 100% for all of the samples. 


Table 3 - 


55 


Melt-flowable 

> Compositions 

EX 

PET 

Epoxy 

Catalyst 



1 

2 

3 


2 ! 

26 

94 

5 





27 

96 

3 





28 

89 

10 





29 

94 


5 




30 

96 


3 




31 

89 


10 




32 

89 



10 


1 I 

33 

94 



5 


1 | 

34 

96 



3 


1 


napol' M S1402 
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Table 3 - (continued) 


Melt-flowable Compositions 

EX 

PET 

Epoxy 


| Catalyst 


Co.) 


Epoxy 1 - digiycidyl ether oligomer of bisphenol-A (Epon™ 1001 , available from Shell Chemical 

) 

Epoxy 2- Epon™ 1002 

Epoxy 3 - digiycidyl ether of bisphenol-A(Epon™ 828, available from Shell Chemical Co.) 
Catalyst 1 - triphenyl sulfonlum hexafluoroantimonate 
Catalyst 2 - described in U.S. Pat. No. 5,089,536 

(eta 6 «xylenes (mixed isomers)) (eta 5 cyclopentadienyl) iron (1+) hexafluoroanimonate. 


is 
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Example 35 

[0155] A 0.254 mm thick melt-flowable sheet was prepared as in Example 1. The second layer was prepared as 
follows: 

A 50/50 mixture of butyl aery I ate and N-vinyl capro lactam was mixed to form a solution. A melt-flowable compo- 
sition (57.7% acrylate and 42.3%epoxy) was prepared by mixing 75 parts of butyl acrylate, 75 parts of the butylacrylata/ 
N-vinyl caprolactam solution, 50 parts of a butyl methacrylate/methyl methacrylate copolymer (Acryloid™B-60, avail- 
able from Rohm and Haas, Co.) and 110 parts of a digiycidyl ether oligomer of bisphenol-A (Epon™1001) in ajar on 
a roller mill until the epoxy and copolymer were in solution. To the solution were added 0.15 part of 2,2-dimethoxy- 
2-phenyl acetophenone (lrgacure™651 , available from Ciba-Geigy), 0.15 part anti-oxidant (lrganox™1 010, available 
from Ciba-Geigy), 1 .0 part carbon tetrabromide, 3.86 pans dicyandlamfde (DYHARD™ 1 00, available from SKW Chem- 
ical), 1.38 parts hexakis (imidizole)nickel phthalate, 2 parts glass bubbles (C1 5-250 Glass Bubbles available from 
Minnesota Mining and Manufacturing Co.), and 7 parts of silica (Cab-o-sil 7M M-5, available from Cabot Corp.), The 
composition was mixed with a high shear mixer and then mixed on a roller mill for about 24 hours. The composition 
was then degassed and knife coated to a thickness of about 2.0 mm between 0.05 mm thick polyester liners which 
had been silicone coated. The coated composition was then exposed to ultraviolet light sources having 90% of the 
emissions between 300 and 400 nm with a maxenum at 351 nm. The light intensity above the web was 1 .88 mW/cm 2 
(milliwatts/square centimeter) and 1 .29 mW/cm 2 . The total energy used was 653.8 millijoules. The resulting melt-flow- 
able tape was substantially tack-free at room temperature (about 21 °C). 

[0156] One of the polyester liners was removed from each of the sheets, and the first and second melt-flowable 
sheets were laminated together an iron set at about 65.6*C to form a melt-flowable composite sheet 
[0157] A strip of the composite sheet was placed on a metal panel having a slight depression on the surface with 
the first layer of the sheet on the metal surface, heated to 1 77 9 C for 30 minutes, and then cooled to room temperature. 
Example 38 showed no surface defects from the depression. As a comparison, a sheet having only the second layer 
described above was tested in the same manner. The surface of the second sheet had a visible crater in the sheet 
overlaying the depression. 

Example 36 

[01 58] A melt-flowable sheet was prepared by extruding a 0.076 mm thick layer of an ethylene acrylic acid having a 
9% acrylic acid content (PRIMACOR 3440, available from Dow Chemical Co.) on a flat T die set at about 250°C. 
[0159] A 50/50 mixture of butyl acrylate and N-vinyl caprolactam was heated to about 50°C to form a solution. A 
melt-flowable composition (50% acrylate and 50% epoxy) was prepared by mixing 120 parts of butyl acrylate, 80 pans 
of the butylacrylate/N-vinyl caprolactam solution, 50 parts of a butyl methacrylate/methyl methacrylate copolymer (Acry- 
loid™B-60, available from Rohm and Haas, Co.) and 200 pans of a digiycidyl ether oligomer of bisphenol-A 
(Epon™1001 , available from Shell Chemical Co.) in a jar on a roller mill until the epoxy and copolymer were in solution. 
To the solution was added 0.2 part of 2,2-dimethoxy-2-phenyi acetophenone (KB-1, available from Sartomer), 0.2 part 
anti-oxidant (lrganox™1010, available from Ciba-Geigy), 0.8 part carbon tetrabromide, 7.0 parts dicyandiamide (DY- 
HARD™ 1 00, available from SKW Chemical), 3.0 parts hexakis (imidizole)nlckel phthalate, 4 parts glass bubbles 
(C1 5-250 Glass Bubbles, available from Minnesota Mining and Manufacturing Co.) and 1 4 parts of silica (Cab-o-sil™M- 
5 available from Cabot Corp.) to form a mixture. The mixture was mixed, coated, and cured according to the procedure 
of Example 38 to form a melt-flowable tape. 

[0160] An adhesive composite was prepared by laminating the hot melt adhesive layer to the thermosettable melt- 
flowable tape with an iron as described above. 
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Example 37 

[0161] A pressure-sensitive adhesive composition was prepared by mixing 76 parts of butyl aery late, 24 parts N- 
vinyl pyrrolidone, and 0.04 pans lrgacure™651 photoinitiator (2,2-dimahoxy-2-phenyl acetophenone available from 

5 Cfoa Geigy) and phot opolymerizing with an ultraviolet (U V) light source under a constant nitrogen purge to form a syrup 
having a viscosity of about 2000 cps. With constant mixing, the following materials were added to 1 00 parts of the 
acrylate syrup and mixed for about two hours: 0.1 parts lrgacure™661 , 40 pans diglycidyl ether oligomer of bisphenol- 
A (Eplkote^l 001 available from Shell Chemical Co.), 50 parts diglycidyl ether of bisphenol A (ELA 1 28 available from 
Shell Chemical Co.). 6.0 parts dicyandiamide (CG1200from Omicron Chemical Co.). 3.5 parts 2,4-diamino-6-(2 , -meth- 

10 ylimidazolyKI'M-ethyl-S-triazine isocyanurate adduct (2MA-OK available from Shlkoku Chemical Co., Ltd.), 5.0 pans 
fumed silica (Aerosil™972 available from DeGussa), and 0.03 pans of hexanediol diacrylate. The mixture was then 
degassed, and knife coated to a thickness of 0.3 ounces per square yard on top a potyamide nonwoven (CEREX from 
Fiberweb N.A.) placed on top of a transparent silicone coated polyester release liner having a thickness of about 0.05 
mm. A similar release liner was placed on top of the coated composite, and the coated mixture was photopolymerized 

is with ultraviolet lamps at an average intensity of about 1 .1 mW/cm 2 above and below the web, such that a total energy 
of 500 mJ/cm 2 were used. The lamps used had about 90% of the emission between 300 and 400 nrn, with a maximum 
at351 nm.The resu Iting thermosetting pressure-sensitive adhesive tape (TPSA) layer had a thickness of about0.3mm. 
[0162] A hot melt adhesive layer (HMA) was prepared by extruding an ethylene acrylic acid polymer having an acrylic 
acid content of 6.5% (PRfMACOR™3330, available from Dow Chemical, Ltd.) at a temperature of about 25Q°C using 

20 a T die. The thickness of the layer was 50 micrometers. 

[01 63] An adhesive tape composite was prepared by removing one of the liners from the pressure-sensitive adhesive 
tape and laminating the hot melt adhesive layer to it. The composite was tested for adhesive shear strength, punching 
ability, and leakage. Test results are shown in Tabie 4. 

2S Example 38 

[01 64] A thermosetting pressure-sensitive adhesive was prepared by dissolving 1 50 grams of an acrylonitrile rubber 
(Nippoi 1 001 available from Nippon Zeon Co., Ltd.) in 400 grams of methyl ethyl ketone. The following materials were 
then added to the solution and mixed for 24 hours to obtain a homogeneous mixture: 1 00 grams of Epscoat 828, 1 00 
30 grams Epikote™1001 , 20 grams dicyandiamide, 235 grams Amicure PN (epoxy curative available from Ajinomoto Co., 
Inc.), and 20 grams of silica powder (Aerosil TM, A-200 available from Nippon Aerosil Co., Ltd.). The mixture was then 
knife coated on a silicone coated polyester liner, and dried for 1 5 minutes at 70°C. The resulting thermosettable pres- 
sure-sensitive adhesive layer had a thickness of 100 micrometers. 

[0165] An adhesive composite was prepared by laminating the thermosettable pressure-sensitive adhesive layer to 
55 a 50 micrometer hot melt adhesive layer prepared as described in Example 37. Test results arc shown in Table 4, 
Examples 39-42 

[0166] Adhesive composites were prepared as described in Example 38 having varying thicknesses of each layer 
as shown in Table 4. Test results arc also shown. 

4Q Tabel 4 


EX 

TPSA Thickness 
Micrometers 

HMA Thickness 
Micrometers 

Shear Strength kg/ 
cm2 

Punching Ability 

Leakage of Bonding | 
Material j 

37 

300 

50 

Not tested 

OK 

OK 

38 

100 

50 

162 

OK 

OK 

39 

100 

100 

175 

OK 

OK 

40 

100 

200 

166 

OK 

OK 

41 

50 

100 

164 

OK 

OK 

42 

300 

50 

Not tested 

Not tested 

Not tested 


Examples 43-46 


55 [01 67] The thermosetting pressu re-sensitive adheslves of Example 37 were laminated onto various hot melt adhesive 
layers as shown in Table 5. The thermosetting pressure-sensitive adhesive layer was 1 00 micrometers thick. The hot 
melt adhesive layers were prepared by extruding the hot melt adhesive resins shown in Table 5. Test results are shown 
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TABLE 5 


EX 

Resin Type 

Product Designation/Manufacturer 

Melting Point - (oC) 

Thickness-micrometers | 

43 

Olefinic 

DAF-899/Dow Chemical, Ltd. 

83 

| 75 

44 

Olefinic 

8930/Toray Synthetic Film Corp. 

90 

50 

45 

Polyester 

4152B/Toray Synthetic Film Corp. 

120 

65 

46 

Polyester 

1 1 52B/Toray Synthetic Film Corp. j 

80 

65 


10 


TABLE 6 


15 


20 


EX 

Shear Strength - kg/cm2 

Punching Ability 

Leakage of Bonding Material 

43 

170 

OK 

OK 

44 

90 

OK 

OK 

45 

165 

OK 

OK 

46 

174 

OK 

OK 


Claims 

25 1 . A paintable article for imparting topographical or protective features to a substrate comprising: 

a melt-flowable, thermosettabte sheet material having first and second major surfaces and comprising one 
or more thermoplastic polymers, the one or more thermoplastic polymers forming said second major surface having 
a functional group that can react with a subsequently applied paint, and the one or more thermoplastic polymers 
forming said first major surface being melt-flowable so as to adhere to a substrate, when said first major surface 
contacts the substrate, said sheet material is heated to an elevated temperature sufficient to melt-flow said first 
major surface, and said sheet material and said substrate are allowed to cool. 


30 


35 


40 


2. The article according to Claim 1 , wherein said one or more thermoplastic polymers forming said second major 
surface have a functional group selected from-OH, -NH-, -CONH-, -COOH-, -NH2, -SH, anhydrides, urethanes, 
or oxirane. 

3. The article according to Claim 1, wherein said thermoplastic polymer Is semi-crystalline at room temperature. 

4. The article according to any one of Claims 1 to 3, wherein said thermoplastic polymer includes a polyester. 

5. The article according to any one of Claims 1 to 3, wherein said polymer includes a hydroxy-f onctional polyester. 

6. The article according to any one of Claims 1 to 3, wherein said polymer includes a polycapro lactone. 

45 7. The article according to any one of Claims 1 to 6, wherein said first major surface is formed by a layer of an 
amorphous polymer. 

8. The article according to any one of Claims 1 to 7, wherein the one or more thermoplastic polymers forming said 
second major surface comprise functional groups that will react with the paint to form a reacted interfacfal layer at 

so the boundary between said sheet material and the paint. 

9. The article according to Claim 8, wherein the interfacial layer is a thermoset interracial layer. 

10. The article according to any one of Claims 1 to 9, wherein said sheet material is in the form of a tape. 
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1 1 . The article according to any one of Claims 1 to 1 0, wherein said sheet material further comprises a thermosettable 
component. 
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12. The article according to any one of Claims 1 to 11 , wherein said thermosettable component comprises an epoxy 
resin. 

13. The article according to any one of Claims 1 to 12, wherein said sheet materia! further comprises, as an additional 
layer, a backing or reinforcing layer. 

14. The article according to any one of Claims 1 to 12, wherein said sheet material further comprises a backing layer 
forming said second major surface of said sheet material, said backing layer comprising a polymeric film which 
when painted provides a substantially smooth surface. 

15. The article according to any one of Claims 1 to 14, wherein said second major surface comprises a dimensional 
stable thermoplastic film. 

16. The article according to CJalm 15, wherein said dimensionally stable thermoplastic film is an oriented polyester film. 

17. The article according to any one of Claims 1 to 16, wherein said sheet material comprises a layer comprising one 
or more amorphous polymers having a Tg greater than -30°C and/or one or more semi-crystal line polymers and 
at least one of said amorphous polymers and said semi-crystalline polymers has a functional group selectedfrom 
-OH, -NH-, -CONH-, -COOH-, -NH2, -SH, anhydrides, urethanes, or oxirane. 

18. The article according to Claim 17, wherein at least one of said amorphous and semi-crystalline polymers is a 
polyester. 

19. The article according to CJaim 17, wherein at least one of said amorphous and semi-crystalline polymers is a 
hydroxy-functional pofyester. 

20. The article according to claim 1, wherein said sheet material further comprises a film forming said second major 
surface , said film is dimensionally stable at the elevated temperature sufficient to melt-flow said first major surface. 

21 . The article according to claim 1 , wherein said sheet material comprises a first layer and a second layer, said first 
layer comprising a thermosettable, mert-f lowable composition, and said second layer comprising a thermosettable 
melt-flowable composition, and further comprising as a third layer a polymeric film between said first layer and 
said second layer. 

22. The article according to claim 1, wherein said sheet material comprises a first layer and a second layer, said first 
layer comprising a thermosettable, melt-flowable composition, and sard second layer comprising a thermoplastic 
melt-flowable composition, and further comprising as a third layer a polymeric film between said first layer and 
sard second layer. 

23. The article according to daim 1 , wherein said sheet material comprises a first layer and a second layer adjacent 
said first layer, said first layer comprising a thermosettable, melt-flowable composition that comprises a pressure- 
sensitive thermosetting adhesive and said second layer comprising a thermoplastic, melt-flowable composition 
that comprises a polymer that is semi-crystalline at room temperature. 

24. The article according to any one of Claims 1 to 23, further comprising paint on said second major surface. 

25. The article according to Claim 24, wherein said paint is a melamine or epoxy paint. 

26. The article according to any one of Claims 1 to 25, further comprising a substrate on which said first major surface 
50 is in contact and adhered. 

27. The article according to Claim 26,wherein said substrate is part of a vehicle. 

28. The article according to Claim 26,wherein said substrate is part of an automobile 
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29. The article according to Claim 26, wherein said substrate is painted, primed, or unprimed metal. 
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Fig. la 
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Fig. 4c 
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Fig. 5b 
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